A single Higgs-like interacting scalar field and the role of late-time acceleration in BICEP2 data  by Verma, M.M.
A single Higgs-like interacting scalar ﬁeld and the role of late-time acceleration
in BICEP2 data
M. M. Verma
Department of Physics, University of Lucknow, Lucknow 226 007, India
(sunilmmv@yahoo.com)
Abstract
It is proposed that a single Higgs-like tachyonic cosmological scalar ﬁeld generates the late-time acceleration of the
universe due to interaction among its components. It is found that the B-mode polarization can also be obtained from
the tensor perturbations arising from the present acceleration. This may contribute to the relatively high value of the
tensor-to-scalar ratio r  0.2 observed by BICEP2 recently. In our proposal, there appears an extra contribution to this
ratio, in addition to that caused by the early inﬂation. A further proposal is made for the gravitational wave detector at
the LHC to detect the tensor perturbations in the spacetime near the compact high energy density spots due to beam
collision.
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1. A single Higgs-like ﬁeld driving two cosmic accel-
erations
A single Higgs-like scalar ﬁeld with interacting com-
ponents evolving in the universe can drive both the early
inﬂation as well as the present acceleration. Both of
these evolutionary phenomena unleash the gravitational
waves (GW) that could be superposed to yield the total
value of the tensor-to-scalar subject to the sensitivity of
present observation by the detectors. In addition to the
detectors of GW of cosmic origin as above, we propose
a GW detector at the site of high energy collisions at
the Large Hadron Collider (LHC) that must release GW
with measurable amplitude despite the far lower energy
scales compared with the inﬂationary epoch.
The action of the Higgs-like scalar ﬁeld is proposed
as (tachyonic action) [1]
A =
∫
d4x
√−g
( R
16πG
− V(φ)
√
1 − ∂iφ∂iφ
)
(1)
Due to some Higgs mechanism-like physical phe-
nomenon, not known to us at present in detail, we can
split the Lagrangian with pressure and energy density as
P = − V(φ)√
1 − φ˙2
+
φ˙2V(φ)√
1 − φ˙2
+ 0 (2)
ρ =
V(φ)√
1 − φ˙2
+
3φ˙2V(φ)√
1 − φ˙2
− 3φ˙
2V(φ)√
1 − φ˙2
. (3)
From (2) and (3) it is seen that when we include radia-
tion in tachyonic scalar ﬁeld then one new exotic com-
ponent also appears (say, exotic matter since its energy
density is negative) with zero pressure. Thus, the tachy-
onic scalar ﬁeld resolves into three components. In [2]
a time dependent change was studied in the equation of
state (EoS) of the cosmological constant with
w¯λ = −1 + ε(t). (4)
Thus, with the perturbed EoS, the cosmological con-
stant (with varying energy density but ﬁxed EoS) be-
comes a shifted cosmological parameter with varying
EoS. With ﬁxed energy density of ﬁeld components, the
expressions for the energy density and pressure of each
Available online at www.sciencedirect.com
Nuclear and Particle Physics Proceedings 273–275 (2016) 2360–2362
2405-6014/© 2015 Elsevier B.V. All rights reserved.
www.elsevier.com/locate/nppp
http://dx.doi.org/10.1016/j.nuclphysbps.2015.09.391
component are given as below. For the shifted cosmo-
logical constant one has
ρ¯λ =
V(φ)√
1 − φ˙2
(5)
p¯λ =
−V(φ)√
1 − φ˙2
+
εV(φ)√
1 − φ˙2
(6)
and
w¯λ = −1 + ε(t). (7)
It turns out for shifted radiation as
ρ¯r =
3φ˙2V(φ)√
1 − φ˙2
(8)
p¯r =
(1 + 3ε)φ˙2V(φ)√
1 − φ˙2
(9)
with
w¯r =
1
3
+ ε. (10)
The perturbation changes the pressureless exotic mat-
ter into ﬂuid with negative non-zero pressure
ρ¯m =
−3φ˙2V(φ)√
1 − φ˙2
(11)
p¯m = pφ − p¯λ − p¯r = −ε(1 + 3φ˙
2)V(φ)√
1 − φ˙2
(12)
with
w¯m =
ε(1 + 3φ˙2)
3φ˙2
. (13)
2. BICEP2 data and the gravitational waves at
Large Hadron Collider
The BICEP2 observations [3] of the tensor-to-scalar
ratio r ∼ 0.20 have recently claimed that the B-mode
polarisation signatures were produced completely due
to the primordial gravity waves arising from the early
inﬂation, even though these conclusions are not sup-
ported by the Planck team which has attributed (at least
a part of) of such polarization due to dust ([4] for ear-
lier report, the full polarization data from Planck are still
awaited). However, in our opinion the observed value of
this ratio must include the contributions not only from
the early inﬂation but also those from the present accel-
eration of the universe. Since this acceleration is of the
recent origin arising in later epochs and also of a much
longer duration compared to early inﬂation (by many
orders), it must play a vital role in overall observation
of tensor perturbations.
Around l = 100 B-mode power spectrum in the BI-
CEP2 results must have the inputs from the late-time ac-
celeration to tensor-to-scalar ratio r  0.2. Gravitational
waves from the present acceleration must induce further
quadrupole anisotropies into the B-modes, in addition to
those caused by early inﬂation, and other galactic dust
eﬀects that convert E- to B- modes.
Here we also propose setting up a GW detector at the
LHC collision site. The following points are in order—
(i) The GW detector around the LHC beam may be
in form of a spherical shell with collisions at the
centre. As the GW of frequency between 10−7 to
107 Hz propagates the space around it will oscil-
late, and so with it practically, any material parti-
cles would oscillate with such time order, and as
these particles (which are at present produced in
the ATLAS/CMS) move away they would show a
wobbling motion outwards.
In fact, it must bend the paths of laser light beams
(or the existing radiation tracks) around in the sim-
ilar way on the same time scale!
The eﬀects could thus be cross-checked in the GW
detector directly, as well as the distortion/wobbling
eﬀects on particles and radiation geodesics em-
anating which are not explained by the particle
physics per se in the existing experiments.
(ii) The distances over which a wavelength must come
in full may be around a few millimetres. The de-
tection will be made continuously over a few me-
tres. The amplitude will decay with distance, but
luckily, it would give much better dividends than
the cosmological detectors like BICEP2 that must
wait and watch out for the extremely feeble signals,
that travelled over billions of years and whose indi-
rect imprints of polarization are indelibly masked
by several spurious eﬀects. Here, we will be do-
ing an experiment in true sense by controlling the
stress energy tensor (and so the amplitudes of per-
turbations) of the sources.
(iii) Any eﬀects of cosmic dust on polarization where
BICEP2 slipped and must obscure the GW signa-
tures in cosmological detectors are absent in our
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case of the LHC GW detector. Bringing cosmol-
ogy into particle accelerator would be a novel idea.
The LHC is just right place to do that.
(iv) The calculation of the strain and spectral amplitude
(power spectral density) of the gravitational waves
at the LHC as proposed has been done. The lowest
order Post-Newtonian approximation (as in general
relativity the linearization must be used) calcula-
tions indicate that the measurable amplitude may
be above 10−20 at the collision sites. It is hopefully
not too hard to measure, by further dependence on
the actual beam energy density in CM frame.
(v) The frequencies from transient (bursting) sources
may spread out in the range (2− 4)107 Hz. So, this
will be high frequency range of GW much beyond
the cosmological detectors (the ground based like
LIGO/GEO/VIRGO have it around 102 Hz. while
the CMBR polarizations correspond to a very low
frequency of 10−16 Hz). The amplitude, as es-
timated from the quadrupole formula as the sec-
ond moment of mass distribution gives h = 2/r <
energy >.
(vi) To detect GW, the interferometric setup at least of
the size of the wavelength would be the most op-
timum attainable by observing the shifts in the in-
terference fringes (to remove any contribution of
stationary part of gravitational ﬁeld).
3. Self interacting Higgs-like scalar ﬁeld
The constancy of the overall EoS of the Higgs-like
ﬁeld translates into the φ˙ staying constant as well. Such
eﬀect with the Friedmann equation would give rise to
a power-law expansion [5]. However, since the present
observations do not suﬃciently constrain the form of the
scale factor, power-law or else, in our study it is clearly
seen that in the absence of perturbation, the interaction
strength does not play any role in the evolution of the
matter component and so delinks it from the coextensive
evolution of the shifted cosmological parameter. Then,
ρ¯m = ρ¯
0
mx
3 −
(
4βρ¯0r
1 + 3β
)
[x4/1−β − x3] (14)
In our scenario (perturbation + interaction) the
Om(x)-diagnostics is given as
Om(x) =
Ax3ε/1+α + Bx4+3ε/1−β +Cxη − 1
x3 − 1 (15)
where A, B and C are the constants depending on den-
sity parameters of components.
4. Conclusions
In nut-shell, Higgs-like cosmological ﬁeld splits into
parts and the components interact mutually. Lambda
decays into dark matter. Recent acceleration produces
its own gravitational waves (GW) superposed on the
primordial GW generated by the inﬂation. This re-
sults in enhanced tensor-to-scalar ratio of amplitudes
observed in overall BICEP2 data. Under the planned en-
ergy scales of 16-18 TeV in Run 2 of the Large Hadron
Collider, the highest to date, it could be a potential site
for production and observation of GW due to associ-
ated tensor perturbations in spacetime. This would be
of course an alternative search to cosmological detec-
tors like BICEP2, which have no option but to wait for
the indirect signatures of the extremely feeble GW im-
prints on the Cosmic Microwave Background. Even
these weak signatures are masked by dust polarization
and so causes model-based confusion in misinterpreta-
tions. Here at LHC, one can manipulate the source of
energy tensor and set up a GW detector close to the col-
lision site. The GW frequency range may be 10−10−1010
Hz and amplitude may be above 10−20 at the collision
sites.
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